Objective: The aim of this study was to assess the prevalence of depression, anxiety and cognitive impairment in patients with type 2 diabetes (T2D). Material and methods: We conducted a cross-sectional study in patients with T2D. Depression and anxiety were assessed by questionnaires (PHQ-9, CES-D and GAD-7 respectively), cognitive function by the MoCA test. Additionally, 503 patients' clinic charts were separately analyzed in order to compare the data recorded in the charts with that resulted from the active assessment. Results: In the screening study 216 subjects with T2D were included (62.2 ± 7.8 years old). 34.3% of them had depression and 7.4% presented major depression. 44.9% of patients with T2D had anxiety (9.2% major anxiety) and this was highly correlated with depression (OR: 21.139, 95%CI: 9.767-45.751; p<0.0001). Women had significantly higher prevalence of depression and anxiety compared to men (42.1% vs. 21.7%; p: 0.0021 and 51.1% vs. 34.9%; p: 0.02), but severe depression was similar between genders (9.0% vs. 4.8%; p: 0.29). Significantly more patients had depression and anxiety than recorded in their charts (34.3% vs. 13.9% and 44.9% vs. 9.3%,respectively; p<0.0001 for both). 69.0% of T2D patients had mild, 6.0% had moderate and none had severe cognitive dysfunction, respectively. Significantly more patients with depression and anxiety had mild and moderate cognitive impairment (p: 0.03 and p: 0.04, respectively). Conclusions: Patients with T2D had a high prevalence of comorbid depression, anxiety and cognitive impairment. Depression and anxiety were significantly more frequent in women. These conditions were under-evaluated and/or under-reported.
Introduction
Diabetes and depression are both chronic conditions with high prevalence worldwide that negatively impact the quality of life of individuals suffering from them (1) . When the two diseases are associated, the consequences on health outcomes are very serious. The odds of diabetes chronic complications and functional disabilities are significantly greater, as well as the risk of all-cause mortality: two studies indicated a 36% to 54% greater mortality risk in subjects with diabetes and co-morbid depression, while a third showed a hazard ratio of 2.5 higher than in individuals without either diabetes or depression (1) (2) (3) (4) . In addition, the concomitant presence of depression contributes to decreased self-care and adherence to therapy and higher health-care costs, as well as higher risk for cognitive dysfunction and dementia in patients with diabetes (1, 5, 6) .
Therefore, there is a high interest regarding the association between diabetes and depression and cognitive impairment, respectively (5, 7) . Data in the literature seem to indicate an increased prevalence of depression in adults with type 2 diabetes (T2D), which is generally considered twice higher than in subjects without T2D, women being more affected than men (8) . However, there are very large variations in reported prevalence, from about 10% to about 48% (9) (10) (11) (12) (13) (14) . These might result from ethnic/geographical differences (developed vs. developing nations), type of study (controlled/uncontrolled) or possibly from methods of estimation (database research or active screening) (1, 8) . In addition, some studies seem to suggest that up to half of subjects with diabetes have undiagnosed depression and therefore are not properly treated, which of course, has important health consequences (15) .
Data regarding the prevalence of depression and major depression, respectively as well as of anxiety and cognitive impairment in subjects with T2D in Romania is scarce. A study performed in patients with both type 1 diabetes (T1D) and T2D with poor metabolic control reported that 58% of them had significant elevated symptoms of depression, but data was not presented separately for patients with T2D (16) .
The aim of this study was to assess the prevalence of depression, anxiety and cognitive dysfunction in subjects with T2D from the Central part of Romania. The hypothesis was that the prevalence of depression and of the other two psychiatric conditions is increased and also higher than acknowledged and recorded in patients' charts, as these conditions are not routinely evaluated in clinical practice.
Material and methods
This cross-sectional study consisted in an active screening for depression, anxiety and cognitive impairment by specific questionnaires. For this purpose we randomly recruited subjects that came for regular diabetes visits to the Diabetes, Nutrition and Metabolic Diseases Outpatient Unit of the Emergency County Clinical Hospital in Targu Mures in 2015. Every fourth patient that met both inclusion and exclusion criteria was invited to participate in the study. If one patient declined to participate and/ or did not meet inclusion/exclusion criteria, the next one on the list was invited, a.s.o. The study was approved by the Ethics Committees of the Emergency County Clinical Hospital of Targu Mures and of the University of Medicine and Pharmacy of Targu Mures and the patients signed an informed consent before participating in the study.
Patients were included if they were ≥ 30 years old, with diagnosis of T2D, had at least minimal literacy (able to read and write) and were fluent in Romanian. Exclusion criteria were diagnosis of T1D, secondary diabetes, gestational diabetes, severe diseases (such as, but not exclusively: severe autoimmune diseases or cancer diagnosed less than 5 years). Diagnosis of diabetes was established according to the American Diabetes Association (ADA) criteria (17) .
First, a general questionnaire was applied which asked general demographic and medical data and if the patients were ever told they had depression and/or were ever treated for depression. We have decided to assess the depression status by two commonly used and well validated questionnaires: Patient Health Questionnaires-9 (PHQ-9) and Center for Epidemiologic Studies-Depression (CES-D) (18) (19) (20) . In order to exclude the false positive cases, we decided to consider a patient positive for depression if he/she reached the preset scores in both questionnaires. For CES-D, a score ≥ 16 was considered indicative of mild depression and ≥ 27 of major depression (21, 22) . For PHQ-9, a score ≥ 5 indicated mild depression, ≥ 10 moderate depression and ≥ 15 severe depression (23) . For the same rationale, severe depression was considered if patients scored both ≥15 on PHQ-9 and ≥27 on CES-D questionnaire. In addition, the patients filled out the Generalized Anxiety Disorder-7 (GAD-7) questionnaire, as a screening tool for generalized anxiety, for which a score ≥ 5, 10 and 15, respectively represented cut-off values for mild, moderate and severe anxiety (24) . The patients were given instructions and then filled out all questionnaires independently.
In order to evaluate the cognitive status, the patients were administered the Romanian version of the Montreal Cognitive Assessment (MoCA) test. The permission to use the questionnaire was kindly obtained from Kathleen Gallant, MSOT, on behalf of Dr Ziad Nasreddine, MoCA© Copyright Owner. This is a cognitive screening tests rated on a 30-point scale and a score ≥ 26 is considered normal, 17-25 points are indicative of mild cognitive impairment, 10-16 points are indicative of moderate cognitive impairment, while < 10 of severe cognitive impairment (25) .
Additional relevant clinical information was collected from the patients' medical charts, including the diagnosed and recorded depression, anxiety and cognitive impairment. The information regarding the three psychiatric conditions were collected from the diabetology medical charts of the patients. The information was available either if the patient directly reported these conditions to their diabetologist, brought a copy of a medical report from a psychiatrist/neurologist or if these diagnoses were mentioned in a hospital discharge letter.
In addition, we separately analyzed retrospectively 320 consecutive charts of patients diagnosed with T2D, registered and regularly seen in the Diabetes, Nutrition and Metabolic Diseases Outpatient Unit of the Emergency County Clinical Hospital in Targu Mures between 2009-2015, in order to better assess the prevalence of diagnosed/ reported and recorded depression, anxiety and cognitive impairment.
Descriptive statistics was performed for all variables and expressed as mean ± SD for continuous variables with normal distribution, median (min-max) for non-normally distributed continuous variables and frequency (%) for categorical variables. Normality of data was tested by Kolomogrov-Smirnov test. Fisher's exact test was empolyed for analysis of categorical variables, and the odds ratios (OR) with 95% confidence interval (CI) were calculated for categorical comparisons. Spearman's correlation coefficients were calculated to evaluate the relationship between the two depression questionnaires and the kappa statistics to measure the concordance between them. All test were twotailed and the statistical significance was set at p< 0.05. Statistical analysis was performed by using GraphPad InStat3.
Results

Patients' charts analysis
From the 320 patients' charts that were initially evaluated, data from the charts of subjects included in the active screening study was subsequently excluded, in order to avoid duplication of information, and these were separately analyzed. Finally, we had 287 charts analyses. Demographic data of these patients is presented in table I, which Table I . Demographic and clinical characteristics of patients of whom the charts were evaluated retrospectively (data represents mean ± SD, unless otherwise specified). also contains clinical data, including glycemic parameters (last available HbA1c and glycemic values were collected).
The information recorded in the 287 charts indicated that 38 patients (13.2%) were previously diagnosed with depression, 18 (6.3%) with anxiety (either as a separate diagnosis or combined with depression) and 7 (2.4%) with cognitive dysfunction (including dementia). Out of the 38 patients with depression, 31 (81.6%) were female and 7 (18.4%) were male. This pointed out that the prevalence of depression was significantly higher in female compared to male subjects registered with T2D (22.0% vs. 4.8%; OR: 5.596, 95%CI: 2.374-13.194; p<0.0001). Similarly, 14 out of 18 subjects with diagnosis of anxiety (77.8%) were female and 4 (22.2%) were men and thus, the prevalence of anxiety was also significantly higher in female patients with T2D (9.9% vs. 2.7%; OR: 3.913, 95%CI: 1.255-12.199; p: 0.01). Among the 7 patients with cognitive dysfunction, 6 were females (85.7%) and 1 male (14.3%) and it turned out that the prevalence of cognitive impairment was not significantly different between the two genders (4.3% vs 0.7%, OR: 6.444, 95%CI: 0.7655 -54.255; p: 0.06).
Next, in order to verify these results, we pooled together the 287 retrospectively assessed charts with the 216 charts of subjects that were actively screened by questionnaires and thus we reviewed a total of 503 charts. Of the 503 patients with T2D, 274 (54.4%) were women and 229 (45.5%) were men. The diagnosis of depression was recorded in 71 (14.1%) patients' charts, anxiety in 38 (7.6%) and cognitive dysfunction in 11 (2.2%) charts. When data was analyzed according to gender we practically confirmed the partial results mentioned above. The prevalence of depression was significantly higher in women than men with T2D (20.4% vs. 6.6%; OR: 3.665, 95%CI: 2.011-6.680; p<0.0001), as was the prevalence of anxiety (associated or not with depression) ( 
Questionnaire results -depression
In the active screening study we have included 216 subjects with T2D that have agreed to participate. The demographic data of these patients is presented in Table II .
The general questionnaire asked the patients if they had ever been told that they had depression. Of the 216 questioned patients, 41 (19.0%) declared that they have been previously told (at some point in their lives) that they had depression and 175 (81.0%) have not. Of those who declared that they were aware of diagnosis of depression, 36 (87.8%) were women and 5 (12.2%) were men, while of those who declared that were never diagnosed with depression, 78 (44.6%) were men and 97 (55.4%) were women. This indicated that significantly more women were aware of a previous diagnosis of depression (OR: 5.790, 95%CI: 2.169-15.457; p< 0.0001).
After administration of the two depression questionnaires, it resulted that 74 (34.3%) of investigated patients with T2D had depression, as they reached the depression scores in both questionnaires (i.e. CES-D score ≥16 points and PHQ-9 score ≥5 points, respectively). Out of them, 16 (21.6%) had scores indicative of major depression in both questionnaires (CES-D score ≥27 and PHQ-9 score ≥15). These basically comprised 7.4% of all 216 questioned patients with T2D. In addition, 96 (44.4%) of patients had negative scores in both CES-D and PHQ-9 questionnaires, while the remaining 46 reached the positive scores only in one of the two questionnaires (considered by us intermediary or not conclusive results, and for the purpose of simplification of analysis, this data was pooled together with negative scores).
The analysis of the PHQ-9 questionnaire alone indicated that 114 patients (52.8%) had scores indicative of depression: 54 (25.0%) mild, 36 (16.7%) moderate and 24 (11.1%) severe depression, respectively. This might indicate an overestimation of the depression rate by administration of this single questionnaire alone (likelihood ratio (LR): Analysis of the questionnaire data by gender pointed out that 56 out of 74 patients with positive scores for depres- When the questionnaire data was compared with data of the same patients recorded in their medical charts, it resulted that significantly more patients with T2D had depression than recorded in the charts (34.3% vs. 13.9%, LR: 2.467; p<0.0001). This remained true when the questionnaire data was compared with data obtained from the total 503 charts (34.3% vs. 14.1%, LR: 2.427; p<0.0001).
Finally, we confronted the data from charts with data declared by patients in the general questionnaire and the scores obtained in the CES-D and PHQ-9 questionnaires. Data is presented in figure 1 . Almost half of the patients (42.4%) that were aware of the diagnosis of depression and scored positive for depression in both questionnaires never declared the diagnosis of depression and this was not noted in their medical charts. Eight out of 41 patients (19.5%) that were told they had depression scored negative at screening questionnaires and most of them were not on medication, possibly meaning that depression was under control or that it was a temporary state. In addition, 40 (18.5%) patients with T2D that were not aware of having depression and did not have the diagnosis recorded in their charts, had reached positive scores in both CED-D and PHQ-9 questionnaires, with 10 of them having scores suggestive of major depression. These basically represent new or undiagnosed cases of depression.
Questionnaire results -anxiety
The results of the GAD-7 questionnaires indicated that 97 patients with T2D (44.9%) had anxiety: 20 (9.2% of total investigated patients) had reached major, 14 (6.5%) moderate and 63 (29.2%) minor anxiety scores, respectively.
When the questionnaire data was compared with data of the same patients recorded in their charts, it resulted that significantly more patients with T2D had anxiety than recorded in the charts (44.9% vs. 9.3%, LR: 4.850; p<0.0001). The same was observed when the questionnaire data was compared with data collected from the total 503 examined charts (44.9% vs. 7.6%, LR: 5.944; p<0.0001).
Among patients with anxiety, 64 (66.0%) concomitantly had depression, while only 10 out of the 119 patients without anxiety (8.4%) also had depression, indicating that anxiety is highly correlated with depression in subjects with T2D (OR: 21.139, 95%CI: 9.767-45.751; p<0.0001). Similar to depression, women with T2D had significantly higher prevalence of anxiety (51.1% vs. 34.9%, OR: 1.948, 95%CI: 1.107-3.428; p: 0.02).
Questionnaire results -cognitive dysfunction
After administration of the MoCA test, it resulted that 54 (25.0%) patients had normal cognitive function scores (≥26 points), 149 (69.0%) patients had mild cognitive Fig. 1 . Comparison of the data obtained from the active screening of depression by the CES-D and PHQ-9 questionnaires and information declared by patients in the general questionnaire with data recorded in their charts (DD: previous diagnosis of depression declared by patients and positive depression scores resulting from active screening by questionnaires; DW: previous diagnosis of depression declared by patients and negative depression scores resulting from active screening by questionnaires; ND: previous diagnosis of depression not declared by patients and positive depression scores resulting from active screening by questionnaires; NW: previous diagnosis of depression not declared by patients and negative depression scores resulting from active screening by questionnaires).
impairment scores (17-26 points), 13 patients (6.0%) reached scores indicative of moderate cognitive dysfunction (10-16 points) and none had < 10 points (severe cognitive dysfunction).
When the questionnaire data was compared with that recorded in patients' charts, it turned out that significantly more patients with T2D have cognitive dysfunction than acknowledged and recorded in the charts (75.0% vs. 1.9%, LR: 40.5; p<0.0001). The same was observed when the questionnaire data was compared with that recorded in the 503 examined charts (75.0% vs. 2.2%, LR: 31.438; p<0.0001). However, we assumed that only subjects with significant memory loss or cognitive impairment seek professional help, and therefore we also compared the moderate impairment scores with data in the charts. Still higher proportion of patients presented moderate cognitive dysfunction than diagnosed and recorded in the medical charts (6.0% vs. 1.9%, LR: 3.250; p: 0.04 and 6.0% vs. 2.2%, LR: 2.523; p: 0.02, respectively).
We then looked at the frequency of cognitive impairment in patients with depression and anxiety compared with those without these conditions. Among depressive patients, significantly more presented mild and moderate cognitive impairment (77.0% and 8.1%, respectively), than normal cognitive scores (14.9%), while in patients without depression, more had normal cognitive function (30.3%), as 64.8% and 4.9% had mild and moderate dysfunction, respectively (p: 0.03) (figure 2).
Similarly, significantly more patients with different degrees of anxiety had mild or moderate cognitive dysfunction (74.2% and 8.2%, respectively) than normal cognitive scores (17.5%), while more subjects without anxiety had normal cognitive scores (31.1%), as 64.7% and 4.2% had mild and moderate cognitive impairment, respectively (p: 0.04) (figure 2). It should be noted though that, as mentioned above, 66% of patients with anxiety also had concomitant depression.
Discussions
To our knowledge, this is the first systematic evaluation of the prevalence of depression, anxiety and cognitive dysfunction in subjects with T2D in Romania.
We have decided to use two validated questionnaires, PHQ-9 and CES-D, both simple and quick tools for the screening of depression in clinical practice. By using only one questionnaire with currently recommended thresholds, the prevalence of depression was slightly overestimated and this was also observed in other similar studies (25, 26) . We therefore consider that by concomitantly employing both questionnaires we obtained a better evaluation of depression.
In our patient population with T2D, regularly seen in an Outpatient Diabetes Clinic from the Central part of Romania, the prevalence of depression was high, as about a third of them (34.3%) scored positive for depression in both questionnaires. The reported prevalence of depression in subjects with T2D varied largely in similar studies in other geographical areas, from 9.8% in Basque region and 13% in Ethiopia to 40.3% in Malesia and Nepal and 48.27% in Mexico for example, and these differences could potentially be related to methodology, variations in characteristics of the study populations (e.g. duration of diabetes, age) or simply due to genetic/ethnic backgrounds (9, 10, (12) (13) (14) . In Central and Eastern European countries, the reported rates of depression in patients with diabetes are relatively high: 30.3% in Germany, 29.7% in Poland, 28.4% in Lithuania and 22% in Croatia (11, (28) (29) (30) . Similar to these results, the prevalence of depression in our patient population was about one in three patients. Data regarding the prevalence of depression in the general population in Romania is scarce. A report indicated that in 2008 the prevalence of major depressive episode on examination was approximately 9% and over 21% during lifetime, the prevalence being twice higher in females (31) . Another study conducted between 2005 and 2007 reported much lower prevalence of major depressive episode during lifetime Fig. 2 . Frequency of cognitive dysfunction in patients with and without depression and anxiety, respectively.
(3.3%), with higher rates in females (4.1% vs. 2.5%) (32) . In view of these reports, even if they are somewhat discordant, our data indicate a higher prevalence of depression in subjects with T2D compared to the general population in Romania, but a concomitant evaluation of both diabetic and non-diabetic subjects will provide a better estimation and a more meaningful comparison.
A second finding of our study was that female patients with T2D presented a frequency of depression twice higher compared with men (42.1% vs. 21.7% with an OR: 2.626). This is in concordance with data from the general population, as well as from studies conducted in subjects with diabetes from other countries (e.g. 15.1% females vs. 5.2% males in Basque country and 32.3% females vs. 21.8% males in Lithuania, respectively) (9, 11, 31, 32) . The gender differences might be explained by hormonal or other biological factors, environmental experiences, including social demands and work burden or to psychological attributes and coping skills related to life events, but this is beyond the scope of the present work (33) .
The prevalence of anxiety was even higher than that of depression: almost half of the screened T2D patients (44.9%) had different degrees of anxiety and women had higher rates compared with men. Other studies have also indicated elevated prevalence of anxiety in subjects with T2D (e.g. 31.4% in Malaysia, 42.4% in Lithuania, 43.8% in Brazil, 55.1% in Mexico), with females being more affected than men (e.g. 46.8% in females vs. 34.7% in males, in Lithuania) (10, 11, 34) .
Anxiety and depression in patients with diabetes were shown to be associated with poor health behaviors and medical outcomes, including chronic complications, impaired quality of life, work disability and premature mortality (2, 4, 34, 35) . It should be noted though that the relationship between the mental and physical health problems is bi-directional, as the presence of serious chronic diabetes complications, for example, might lead to anxiety or depressive symptoms. Moreover, this relationship may become cyclical, in the sense that one disease can aggravate the other: the presence of depression with/without anxiety may be associated with less self-care and adherence to diabetes management plan, which leads to poor blood glucose control and higher risk of complications, which in turn leads to increased distress, anxiety and depression.
We have also observed that the real frequency of depression and anxiety in subjects with T2D was significantly higher than recorded in their clinic charts. This may in part be due to under-reporting of the psychiatric problems, to under-evaluation or both. Out of the 216 screened patients with T2D, 19% scored positive in both questionnaires and were not aware that they had depression. Moreover, some even suffered of severe depression, as 4.6% of the total investigated patients had reached scores suggestive of major depression and had not been previously evaluated and diagnosed with depression. Screening for the mental health disorders in subjects with diabetes is not a general practice in diabetes clinics in Romania and the results of this study highlight the importance of assessing and addressing the comorbid psychiatric disorders as part of the comprehensive diabetes management plan. Early recognition and treatment of these comorbidities are likely to be associated with better self-care behaviors, better coping capabilities that can assist in improving management of diabetes and thus prevention of chronic complications.
Perhaps the most surprising finding of this study was that 69% of the patients with T2D evaluated by the MoCA test presented mild and 6.0% moderate cognitive impairment. Moreover, in subjects with concomitant depression and anxiety the cognitive dysfunction was more frequent. A recent study indicated a similar prevalence of mild cognitive dysfunction in Japanese diabetic subjects (72%) evaluated with the Japanese version of the MoCA test (36) . Another study in older Korean subjects with T2D showed a lower prevalence of mild cognitive dysfunction (32.7%), but the authors also used a lower threshold value for positivity (<23 points) (37) . It is known that diabetes is an independent risk factor for cognitive dysfunction and dementia (38, 39) . Chronic hyperglycemia, history of repetitive moderate-to-severe hypoglycemic episodes, insulin resistance, amyloid deposition and vascular disease are factors that contribute to the occurrence of diabetes-related cognitive dysfunction (40, 41) . The presence of comorbid major depression in patients with diabetes was shown to be associated with more than double the risk for developing dementia (42) . This suggests that the evaluation and treatment of these mental conditions in patients with diabetes is important.
Out study has some limitations. First, it had a cross-sectional design, and therefore the temporal relationship between diabetes, depression, anxiety and cognitive dysfunction, respectively, as well as the change of the prevalence of these psychiatric conditions in time, could not be assessed. Secondly, the scarcity of appropriate studies evaluating the current prevalence of depression, anxiety and cognitive impairment in the general population in Romania, prevented us from performing a substantial comparison of the prevalence of these mental health conditions in diabetic vs. nondiabetic subjects in our area. Thirdly, we used psychometric scales rather than a structured interview to evaluate anxiety and depression. However, these instruments are well validated and frequently used as screening tools for psychiatric comorbidities in patients with diabetes. In addition, we have concomitantly employed two depression questionnaires, in order to avoid false positive results. Although the MoCA test is well validated and largely used worldwide, the Romanian translation does not have validation studies, as it has for many other languages. Finally, this was a single-center study with a relatively low number of evaluated subjects. However, the study population comprised both inhabitants of urban and rural areas in our county from the Central part of Romania, from most ethnic backgrounds and education levels.
Following the results of this study we have identified several future research directions. First, it is necessary to expand the evaluation by performing a multi-center study with much higher number of T2D (and perhaps T1D) patients representative from all areas of Romania. Second, the potential mechanisms and factors (e.g. biologic, genetic, psychologic/behavioral, nutritional) associated with the high prevalence of these mental health problems in patients with diabetes should be more deeply explored. In addition, the implication of early identification and management of the psychiatric comorbidities on diabetes related-outcomes, such as blood glucose control, self-care regimens, or chronic complications and associated health care cost warrant further investigation.
The findings of this study are also relevant for clinical practice. They encourage diabetologists to pay more attention to the physiological aspects of patients with T2D, not only related to diabetes care per se, and be aware of the high prevalence of co-morbid depression, anxiety and cognitive impairment. We think that is important to screen for these conditions as they seem to be viewed as new emerging complications of diabetes. In addition, results showing increased prevalence of these mental health conditions in patients with diabetes should be considered for public health policies, as more substantial psychological/psychiatric support for them is obviously needed. Perhaps, preventive strategies to promote mental health and improve quality of life in patients with diabetes should be implemented.
Conclusions
The study showed that patients with T2D had a high prevalence of comorbid mental health problems, such as depression, anxiety and impaired cognitive function. Both depression and anxiety were significantly more frequent in women than men with diabetes. Anxiety was highly correlated to depression in these patients. These psychiatric conditions are under-evaluated and/or under-reported in patients with T2D, so an active screening is necessary.
